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Abstract 
Classification of the mineability of rocks is an integral part of the earthworks occurring in the implementation of engineering works. 
The existence of degrees of excavation difficulty allows us to specify the needs of mechanisms for earthworks. It is determined 
according to the old standard CSN 73 3050, and new standard CSN 73 6133. Both standards define the mechanical mechanisms 
that should be used for each degrees of excavation difficulty. Based on this rock may be the most optimal breakage and extracted 
without machine selection would have been undersized. That would mean its destruction and inefficient extraction of rocks, or 
contrary oversizing. On that basis, there would be an unreasonable overpricing earthworks. Into force has already entered a new 
standard but there are a number of differences in their classification. The publication deals with the evaluation degrees of excavation 
difficulty, and mechanical mechanisms for earthwork and differences between the two standards, respectively their similarities. It 
is evident that the old standard represents a very detailed division of soil and rock into seven degrees of excavation difficulty and 
thus represents a substantially transparent calculation of the total price of earthworks. In contrast, the new standard gives only three 
degrees of excavation difficulty. This represents a major simplification of the process of classification and subsequent utilization 
of engineering mechanisms.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction  
Classification mineability of rocks is an important part in the implementation of earthworks. Mineability of rocks 
is determined by the geotechnical characteristics of the rock environment. We distinguish cohesive soils, non-cohesive 
soil and rock and weak rock. The parameters of the individual types of rocks are reflected in the possibilities of their 
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mineability of rocks. In selecting the method of mineability of rocks is also reflected economic aspects of construction 
work, demands on space, noise, and a number of other restrictions related to the implementation of the project. Aspects 
of transport equipment are listed authors [2] [1] [17] and [9]. An important role is also played efficient logistics [11] 
and as already mentioned study costs in connection with the use of heavy mechanics [15] [3] [10]. 
Determining the mineability of rocks is governed by the CSN 73 3050 Earthworks, which specifies individual 
degrees of excavation difficulty. It is divided into classes 1 to 7. We classify and sort the different types of soils on 
the basis of these classes. Cohesive soils are classified based on soil consistency and plasticity. Non-cohesive soils 
are classified based on compactness and the quantity of stones and boulders. Rock and weak rocks are classified 
according to compressive strength and by fracturing. Characteristics of earthworks is also listed in the publication [6]. 
Use of heavy mechanics in relation to the type of rock is studied in works [20] [18] [19]. 
On the basis of that standard CSN 73 3050, we divide the rocks on the pour, dig 1, dig 2, crumbly solid, easy for 
blasting explosives, difficult for blasting explosives, and very difficult for blasting explosives. For each of the classes 
are defined the machine through which the rock should be mined. On the basis of this knowledge, it can be roughly 
determining the calculation of these works before the commencement of this activity. On the basis of this 
classification, the first group can be mined using a shovel or large spoon loaders. This class is called pour rock. Rocks 
second group are referred to as dig 1. These can be extracted using a spade or a shovel loader. The rocks of the third 
group are referred to as dig 2. These can be mined with a pickaxe and digging or excavator. The fourth group includes 
rock called crumbly solid. These are mined with a wedge or excavator. The fifth group includes rocks easy for blasting 
explosives, which can be mined with a ripper and heavy excavators. The sixth group of rocks known as rock difficult 
for blasting explosives, which can be mined with a heavy ripper and explosives. The seventh group includes very 
difficult for blasting explosives rocks that can be mined only with explosives [4]. On the basis of appropriately selected 
degree so we can appropriately optimize the use of heavy equipment, it also lists publications [16] [13] [7] [21] and 
[14]. An inseparable part of the security risks associated with the use of machines [8]. 
2. Machinery mechanisms in relation to degrees of excavation difficulty 
2.1. Loaders 
The first degree of excavation difficulty can be mined with a shovel. This class includes mainly soil, silty sand and 
sandy silty or loose gravel. Mining is primarily implemented with a spoon loader. The second excavation class includes 
mainly silty sand and sandy silty, medium dense gravel or silty. In this degree is used spade and shovel loaders. 
Loaders (Fig. 1) are used only in case of first and second degrees of excavation difficulty. This is a mobile machine 
whose main component is a shovel. Soil is picking up and cargo on other means of transport with a shovel or may be 
transported using a loader. This applies only to short distances. Loader performs the function both directly 
disengagement but can also serve to loading already disengaged soil. There are several types of loaders. It is a spoon 
loader end shovel loader, rotary shovel loader, shovel loader loading over his head, and special clamshell-loader. 
 
Fig. 1 Wheel loaders. 
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2.2. Excavator 
The third degree of the excavation difficulty, includes soil such as sandy silty, loess, clay, silty gravel, weathered 
granite and weathered claystone. In this class uses techniques such as pickaxe, excavator or digger. The fourth class 
includes clay, sandy clay, clay loam, clay slate, weathered granite, and claystone. It is a specific class, which includes 
both the soil and weak rocks. Soils belonging to the fourth class may be pasty and liquid consistency and are well 
disconnected. These soils, however, represent a complication in the handling because there has been sticking the soil 
to working tools. The fourth degree of rocks are mined with a wedge or excavator. 
Excavator (Fig. 2) is a typical working tool for the third, fourth and fifth degree of excavation difficulty where it 
is already used heavy excavator. Excavator is used to disintegration, scooping of soil and subsequently for handling 
on other means of transport used to transport of soil. We distinguish excavators with height shovel, excavators with 
deep shovel and excavators with a towed shovel and grapples with depending on the type of excavators. For excavators 
may also vary the type of chassis. It may be a wheel chassis, automobile, striding or crawler. Excavator loaders as 
well as mobile equipment. Using shovels with cutting edge can disconnect the soil and take in into the shovels and 
using the revolving superstructures can be manipulated with a shovel. Excavator consists of chassis, the upper rotatable 
structure and working equipment. Resistor which generates rock depends on the properties of the soil in the main 
deposit and on the parameters of the working tool. This means the shape, the lip condition, thickness of layers that 
need to cut.  
Fig. 2 a) Wheel Excavator, b) Excavation arm with spoon, c) Tracked Excavator. 
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2.3. Rippers 
Fifth degree of excavation difficulty include health weak rocks. Furthermore, there include boulder gravel, 
sandstone and marlstone with clayey putty, and weathered granite or frozen soil. As regards the means prescribed for 
disconnection this degree we classify heavy excavators and rippers here. Rippers are used in the fifth degree of 
excavation difficulty. In sixth degree of excavation difficulty is then used by heavy rippers. 
Rippers represent a machines designed for surface ripping difficult disconnect able soils and rocks. They are also 
suitable for disintegration rocks and ripping frozen soil or ripping gravel, concrete and asphalt pavements. Material 
respectively soil is disintegrated and subsequently mined with the aid of other machines such as dozers. We distinguish 
deep ripper and standard ripper. It depends on the type of rock respectively on their physics-mechanical properties. 
Ripping device is mounted on a trailer chassis or rear of the tractor. 
In the case of the sixth degree of excavation difficulty these are the healthy hard rock. An example is basalt, granite, 
sandstone or arkoses. It also includes non-cohesive soils with a high content of boulders. For breakage resistance of 
rock and mineability of these rocks are used in addition to heavy rippers also explosive.  
Last seventh degree of excavation difficulty mainly used explosives. This is the healthy rocks, such as quartzite, 
amphibolite, basalt or conglomerates. 
2.4. Dozers, Scrapers 
Earthworks also include additional machines that are not directly stated in the standard, but also widely used in 
construction. This is a dozer. It is a machine wheeled or tracked. They are equipped with a blade. These machines are 
designed to carry circuit earthworks. The shape of the blade is used depending on the type of work that is carried out 
with dozers. In practice also used scrapers for earthworks. It is a mobile machine intended for the surface extraction 
of soil, its loading and transportation. Additionally, to its bulldozing and alignment. This machine is used in flat terrain 
to modify flat a large area in locations easily accessible. Scrapers disconnects the soil and simultaneously it is on the 
fulfilment of soil of the bucket. When the machine moves forward, the soil is pushed from below into the bucket. As 
soon as it is filled, the bottom bucket is closed a raised. 
3. Divergence of the CSN 73 3050 and the CSN 73 6133 in relation to machinery mechanisms  
Although the standard CSN 73 3050 is still used, has been in force standard CSN 73 6133 (Fig. 3). The difference 
between these standards is the very title. Old standard CSN 73 3050 Earthwork and new standard CSN 73 6133 Design 
and implementation of the embankment of road infrastructure [4] [5]. From the name it is clear that the old norm 
engaged in general earthwork and new standard focuses on linear structures. In relation to the degrees of excavation 
difficulty and standard CSN 73 6133 has only three degrees compared to the seven degrees in the old standard. The 
criteria for classification into individual degrees of excavation difficulty are based on the density of discontinuities, 
and unconfined compressive strength. Old standard divides the soil into several classes. The new standard merged all 
the soil into one degree of excavation difficulty. Soils are the first degree of excavation difficulty. This is according 
to new standards mineable by bulldozers, excavators, and excavations carried out manually. The first degree of 
excavation difficulty compared to the old standard corresponds to the first to third degree of excavation difficulty. 
A second degree of excavation difficulty can be mined using the ripper, rock spoons and hammers under the new 
standard. The second degree of excavation difficulty compared to the old standard corresponds to third to fifth grade 
of excavation difficulty. 
In the third degree of excavation difficulty there are already used blasting operations under the new standard that 
corresponds to the sixth and seventh degree of excavation difficulty according to the old standards. Analysis 
excavation of rock is also shown in the publication [12].  
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Fig. 3 Mineability of rock and breakage resistence of rock according to CSN 73 3050 and CSN 73 6133. 
4. Conclusion 
Each of construction work or linear construction requires classification of degrees of excavation difficulty for 
geological environment prior to project implementation, in which we will work to implement. This is determined by 
a standard that defines precisely the suitability of mechanisms for individual degrees. The higher the degree of the of 
excavation difficulty are generally higher costs incurred on the technique of earthworks. A detailed breakdown of the 
various types of soil and rock into the degrees of excavation difficulty and specifications mining machines, is better 
for orientation in the overall calculation of earthworks. However, this applies only if the old standards. However, this 
standard has been replaced by a new standard that differs greatly from previous standards.  
In the case of old standards CSN 73 3050, there are seven degrees of excavation difficulty. In the case of a new 
standard CSN 73 6133, there are only three degrees of excavation difficulty. Soils that are divided in the old standard 
into four degrees of excavation difficulty 1-4 represent the most fundamental difference because the new standard 
classification is made all the soil into the first group. This means that the degree 1-3 and partially 4th degree of 
excavation difficulty corresponds to 1st degree of excavation difficulty if the new standards. Degree 4-5, and partly 
3rd degree in the old standard corresponds to 2nd degree of excavation difficulty in the new standard. In the case of 
degree 6 to 7 in the old standard, these rocks we classify to 3rd degree of excavation difficulty in the new standard. 
The fundamental difference is mining mechanisms. Especially for 1st degree of excavation difficulty which has in the 
old standard range 1 to 4. There is enormous scope for selection of mining equipment. This may present a greater 
possibility of its overrating or underrating vice versa. 
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